106        ^- APPLICATION OP THERMODYNAMICS TO RADIATION.
a quality of the radiation which is unaltered by perfect reflection or refraction or direct propagation. So long as this is the case the transmission of the rays does not necessarily involve passage from a hotter to a colder body.
If we imagine a perfectly black body of finite size emitting radiation, then at any distant point the directions of the rays will be confined to the solid angle which the body subtends at that point. By means of a suitable combination of perfect reflectors or refractors or both we may regard it as theoretically possible to make any portion of the rays converge into a smaller area in such a way that this solid angle is increased to 2rt. When this is the case there will be equilibrium of radiation at the surface of convergence if the temperature of a body placed there is equal to that of the source.
On the other hand, if the source begins to send out radiation into empty space, radiation pressure will be set up where it did not previously exist, representing an increase of unavailable energy and, therefore, of entropy.
The entropy per unit volume at any point of the ether is a measurable quantity in the case of a radiating sphere surrounded by a perfectly reflecting concentric spherical surface. This case differs from the previous one in that we have everywhere to deal with emitted and reflected radiation of equal intensity confined within the same limits of direction.
If the radius of the reflecting sphere is decreased from r to r — dr, the radiation between these distances will be absorbed by the source, and work will be done against the radiation pressure. It follows that the entropy per unit volume again takes the form of
§ 107, viz S =     J" ~ where ifj  is the total intensity of radiation, f
the radiation pressure, and T the temperature of a perfectly black body emitting radiation of the intensity in question.
111. Summary of irreversible radiation phenomena. The irreversible processes connected with radiation may generally be summed up in Planck's statement that emission without simultaneous absorption is possible but irreversible, absorption without simultaneous emission is impossible.
Although the generation of entropy due to outward radiation considered in the last article may be naturally regarded as taking place in the ether, it will be seen that the change is really a direct consequence of this assumption. If it were possible to conceive a body at temperature I capable of absorbing without emitting the radiation due to that temperature, any portion of the ether could be cleared of radiation without doing" work against radiation-pressure, and